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Focus here on Low-Mass Dark Matter (Sectors): 
past, present, and future in 10 mins
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[slide from Tongyan Lin]
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Snowmass CF1 2013 report: one paragraph on DD of sub-GeV DM

1310.8327

We’ve come a long way since then!

only a few papers on this topic in 2013…



Significant theory progress



Significant theory progress
many ideas for probing 
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BRN DM report

• DM scattering: mχ ≳ keV
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dark photon DM  
absorption

BRN DM report

• DM scattering: mχ ≳ keV
• (bosonic) DM absorption:  mχ ≳ meV
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dark photon DM  
absorption

BRN DM report

• DM scattering: mχ ≳ keV
• (bosonic) DM absorption:  mχ ≳ meV
• both for various interactions
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dark photon DM  
absorption

well above 100 papers now on this topic

BRN DM report

• DM scattering: mχ ≳ keV
• (bosonic) DM absorption:  mχ ≳ meV
• both for various interactions



Exciting experimental progress

� �� ��� ���
��-��
��-��
��-��
��-��
��-��
��-�	
��-��
��-��
��-��
��-�

��-��
��-��
��-��
��-��

�� [���]

� �
[�
�
� ]

�������

��-� �������	
�
���=�

2013



� �� ��� ���
��-��
��-��
��-��
��-��
��-��
��-�	
��-��
��-��
��-��
��-�

��-��
��-��
��-��
��-��

�� [���]

� �
[�
�
� ]

�������
�
��
�
�
���

�
�������	


������
�

�����
-���	

�


�������
����@�

	�
��

����
-���

���	�
����

�����������@	��
�

����
� ���

��	
�
�

����
	���

-��
��

��-� �������	
�
���=�

�����
�@����

�

��������	

����

Exciting experimental progress

� �� ��� ���
��-��
��-��
��-��
��-��
��-��
��-�	
��-��
��-��
��-��
��-�

��-��
��-��
��-��
��-��

�� [���]

� �
[�
�
� ]

�������

��-� �������	
�
���=�

2013 2020



� �� ��� ���
��-��
��-��
��-��
��-��
��-��
��-�	
��-��
��-��
��-��
��-�

��-��
��-��
��-��
��-��

�� [���]

� �
[�
�
� ]

�������
�
��
�
�
���

�
�������	


������
�

�����
-���	

�


�������
����@�

	�
��

����
-���

���	�
����

�����������@	��
�

����
� ���

��	
�
�

����
	���

-��
��

��-� �������	
�
���=�

�����
�@����

�

��������	

����

Exciting experimental progress

� �� ��� ���
��-��
��-��
��-��
��-��
��-��
��-�	
��-��
��-��
��-��
��-�

��-��
��-��
��-��
��-��

�� [���]

� �
[�
�
� ]

�������

��-� �������	
�
���=�

� �� ��� ���
��-��

��-��

��-��

��-��

��-��

��-��

��-��

��-��

��-�	

��-�


�� [���]

� �
[�
�
� ]

���
����

������-��

��-� �������	
�
���=(���/)�

2013 2020

2013



� �� ��� ���
��-��

��-��

��-��

��-��

��-��

��-��

��-��

��-��

��-�	

��-�


�� [���]

� �
[�
�
� ]

���
����

����
����

��	
�
����

�������

�	���
����

��@�
�	���

�

���
�-��

��

�����
����

��@	
��
�

������-��

��-� �������	
�
���=(���/)�

������
���

���
��

����
��@	

��
�

� �� ��� ���
��-��
��-��
��-��
��-��
��-��
��-�	
��-��
��-��
��-��
��-�

��-��
��-��
��-��
��-��

�� [���]

� �
[�
�
� ]

�������
�
��
�
�
���

�
�������	


������
�

�����
-���	

�


�������
����@�

	�
��

����
-���

���	�
����

�����������@	��
�

����
� ���

��	
�
�

����
	���

-��
��

��-� �������	
�
���=�

�����
�@����

�

��������	

����

Exciting experimental progress

� �� ��� ���
��-��
��-��
��-��
��-��
��-��
��-�	
��-��
��-��
��-��
��-�

��-��
��-��
��-��
��-��

�� [���]

� �
[�
�
� ]

�������

��-� �������	
�
���=�

� �� ��� ���
��-��

��-��

��-��

��-��

��-��

��-��

��-��

��-��

��-�	

��-�


�� [���]

� �
[�
�
� ]

���
����

������-��

��-� �������	
�
���=(���/)�

2013 2020

2013 2020



&)��OHWWHUV�RI�LQWHUHVW
����/2,V�FURVV�OLVWHG�ZLWK�&)����WKH�PRVW�RI�DQ\�WRSLFDO�JURXS�

$URXQG����/2,V�UHODWHG�WR�WKLV�VHVVLRQ�

Ɣ a���/2,V�RQ�WKHRU\�RI�GDUN�VHFWRUV�DQG�VHDUFKHV��FURVV�OLVWHG�ZLWK�7)�
Ɣ a���/2,V�RQ�5	'�DQG�H[SHULPHQWV�IRU�GLUHFW�GHWHFWLRQ�RI�VXE�*H9�GDUN�

PDWWHU��FURVV�OLVWHG�ZLWK�,)�
Ɣ a���/2,V�RQ�GDUN�VHFWRU�VHDUFKHV�ZLWK�QHXWULQR�H[SHULPHQWV��VWHULOH�QHXWULQR�

GDUN�PDWWHU�VHDUFKHV��DQG�SURSRVHG�DFFHOHUDWRU�H[SHULPHQWV�
�FURVV�OLVWHG�ZLWK�$)��5)��DQG�1)�

Ɣ a���/2,V�RQ�DVWUR�SUREHV��PDQ\�RWKHUV�ZLWKLQ�&)��

[slide from Tongyan Lin]



Several community “summary” reports available

• Fundamental Physics at the Intensity Frontier 2012

• Working Group Report: New Light Weakly Coupled Particles 2013

• Dark Sectors 2016: Community Report

• US Cosmic Visions: New Ideas in Dark Matter 2017

• DOE Basic Research Needs for: 

• DM Small Projects New Initiatives Report 2019

• High Energy Physics Detector Research and Development Report 2020

1608.08632

https://science.osti.gov/hep/Community-Resources/Reports

1707.04591

Valuable resources for new Snowmass reports on “dark 
sectors”, including particle-like DM, wave-like DM, and 

accelerator probes of DM + dark sectors:

1311.0029

1205.2671
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The challenges ahead for low-mass DD
Significant recent progress, but much remains to be done.

Over next decade, there are at least 5 major goals:

1. Sharpen theory predictions for the DM signal expected in various target 
materials (primary and secondary interactions)

2. Calibrate low-energy signals and backgrounds

3. Increase target mass/size of promising detector technologies already 
able to probe  (scattering) and  (absorption)mχ ≳ 1 MeV mχ ≳ 1 eV

4. Improve detector’s energy sensitivity (while controlling dark counts) to 
probe  (scattering) and  (absorption)mχ ≲ 1 MeV mχ ≲ 1 eV

5. Understand, characterize, and mitigate low-energy backgrounds

[order does not imply relative importance]
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How to solve these challenges & enable a discovery? 

• Support theory research: particle theory, but also interdisciplinary 
work w/ e.g. condensed matter theory, AMO theory, etc.

• Support R&D for multiple target materials and sensor technologies 
(e.g., Skipper-CCD, TES, SNSPD, MKID, DEPFET)

• Support underground facilities, including R&D user facilities for 
quick vetting of prototypes

• Support multiple experiments, even for covering the same masses 
(in next ~5–10 years, many experiments will still be “small” & 
relatively inexpensive)

This  latter is crucial for making a convincing discovery claim

If challenges are overcome — and I strongly believe they will be — the 
next 10 years will probe particle-like DM over multiple orders of 

magnitude in (several) coupling vs mass parameter spaces
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Build on success of P5 report in 2014:

What should be the main outcome of Snowmass/P5 
report for dark sectors and low-mass DM?

By showcasing incredible breadth of detection concepts, technologies, and 
experimental progress, Snowmass report will make it easy for P5 to argue 

again for the importance of R&D & a small projects portfolio

• 2014 P5 report stated that the search for dark matter particles is high 
priority science and recommended that a diversity of project scales in the 
program should be maintained

• Funding for “small projects portfolio” was part of all funding scenarios

• Has been important also for sub-GeV DM:  DoE is now supporting 
“small DM projects” (at R&D level) for particle-like DM, wave-like DM, 
and accelerator probes of DM

For discussion:



Many thanks to the conveners for all their efforts!!


